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Suvrvranv
Pseudomonas oleovorsns
Pseudomonas oleovorans is a Gram-negative bacterium that is able to grow on Ca-Ctz alkanes,
major constituents of crude oil. This bacterium has biotechnological interest for several
reasons. First, when grown on alkanes under certain nutrient limitations, it accumulates a
biodegradable plastic composed of a polymer (PHA) of 3-hydroxyalkanoates. Second, the
bacterium has potential in remediating oil spills, such as the one that occurred in Alaska in
1989. Third, by choosing the right substrate, as well as by manipulating the enzymes that are
responsible for the conversion of substrate, synthesis of products that have industrial
applications may be accomplished.
a/ft expression in Escherichia coli
The enzymes that catalyze the oxidation of alkanes are encoded by the alk genes. The genetic
elucidation of the alk system was stimulated by the finding that the alk genes were expressed
from their native promoter in Escherichia coli, the molecular biologist's pet organism, as well
as in P. oleovorans. As in P. oleovorans, synthesis of one of the Alk proteins, the alkane
hydroxylase AlkB, is very efficient in E. coli and accounts for up to 2 7o of the total cell
protein. The other c/k proteins (AlkF, AlkG, AlkH, AlkJ, AlkK and AlkL) that are transcribed
from the same alkBFGÉI"/KZ, mRNA, occur in much smaller amounts. AlkB is located in the
cytoplasmic membrane, that is the inner of the two membranes that separate the cell from its
surroundings . The alkB expression level is extremely high for a cytoplasmic membrane
protein. Although E. coli has frequently been used for the high-level production of cytoplasmic
(soluble) proteins, synthesis of membrane proteins in E. coli is normally cumbersome, which
limits functional studies on this class of proteins. Knowledge of the factors that limit
expression of membrane proteins might lead to higher production levels for membrane
proteins, which is a major challenge in biotechnology.
Previous work in our group indicated that in cells that produced AlkB, membrane
structures appeared in the cytoplasm. The formation of such membrane structures might
indicate that overexpression of membrane proteins is not limited by the pre-existing membrane.
Chapters 2, 3 & 4 of this thesis deal with the coupling of AlkB synthesis to membrane
biogenesis. In Chapter 5, we obtain insight in the factors that determine alkB expression levels.
In Chapter 6, we use the alk promoter for the construction of expression vectors. Chapter 7
shows that in addition tothe alk genes, P.oleovorans seems to contain other interesting
information.
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Relation between AlkB synthesis and phospholipid synthesis in alk+ E. coli
In CHaprpn 2, we describe an E. coll strain, W3110, that, when transformed with a plasmid
containing the alk genes (pGEc47) synthesizes AlkB to a level corresponding to 10- l5 To of the
total cell protein in the stationary phase; much more than the level found in P. oleovorans or in
other E. coli alk+ recombinants. We chose to study this strain further, because it probably
represented a good model organism for a study on the coupling between expression of a
membrane protein to membrane biogenesis. The cytoplasmic membrane contains both proteins
and lipids, and normally, the ratio between the amount of protein and of lipid is fixed, although
it is not clear how this balanced synthesis of lipid and protein molecules is regulated. When we
isolated cell membranes from induced alk+ W3ll0 cells, it appeared that these cells not only
contained more membrane proteins, but their lipid content had also increased 2 to 3 fold. In
addition, we found changes in the lipid composition, that were related to alkB expression. a/kB
overexpression led to the appearance of intracytoplasmic membrane structures, containing
mainly AlkB and phospholipid. Most of the alkane hydroxylase could be isolated from these
cells in a relatively pure form, using a simple procedure. It is likely that this finding will lead to
a simplification of purification procedures for this protein. In CHATIER 3, we have a closer
Iook at the coupling between the synthesis of alkane hydroxylase and lipid biosynthesis. The
synthesis rate of AlkB in alk+ W3 1 l0 reaches a maximum 30 minutes after addition of inducer,
which is much faster than in other alk+ E.coli hosts. The changes in lipid metabolism; an
increase in phospholipid synthesis and an altered fatty acyl chain composition, occur
simultaneously. We propose a model in which AlkB molecules, by saturating the cytoplasmic
membrane with protein, trigger the synthesis of extra lipid molecules. In CHerreR 4, the
relevance of the changes in lipid composition and content that are engendered by alkB
induction, are described . E. coli normally regulates the composition of its membrane in order
to maintain a constant membrane fluidity under conditions that affect the fluidity of the
membrane. The fluidity of the membrane is important for its functioning and therefore, for cell
survival. Massive AlkB insertion is expected to decrease cell membrane fluidity. In this
chapter, it is shown that the increased phospholipid synthesis is important in this respect, as it
maintains the fluidity of the membrane in induced alk+ W3l10. Were the cells not to respond
by increasing phospholipid synthesis, AlkB synthesis might be much more toxic to the cells,
and the membrane protein content that could be achieved would also be reduced.
Determinants for strain-specific expression of alkB
The production of AlkB in alk+ W3l l0 was much more efficient than in other a/k+ E. coli
strains, for example a/,t+ HB 10 I . Little is known about strain-specific expression of proteins
in different E. coli host strains, and we decided to examine why W3110 was such an efficient
strain for the synthesis of this membrane protein. One possibility was that W3110[pGEc47]
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can synthesize so much of the membrane protein because at the same time, phospholipid
synthesis is stimulated. The absence of a response of the phospholipid-synthesizing machinery
could limit AlkB synthesis in strains that make less AlkB. In Cseprr,R 5, we show that the
extra lipid synthesis that occurs ín alk+ W3110 is not necessary to maintain a high AlkB
synthesis rate; the synthesis rate of AlkB ín alk+ W31 10 can not be lowered to the rate in alk+
HB101 by reducing phospholipid synthesis. The factor that distinguishes W3110[pGEc47]
from H8101[pGEc47] with respect to AlkB synthesis is the rate at which the alkB gene is
transcribed;this occurs up to 10 times faster in W3ll0[pGEc47] than in HB10l[pGEc47].The
a/ÈB mRNA appears to be relatively stable in contrast to the mRNA encoding downstream a/k
genes, which indicates that the differential expression ofthe alk genes is probably regulated by
differences in mRNA stability.
Applications of the c//c system for other membrane proteins
Since the synthesis of alkane hydroxylase in alk+ E. coli was so efficient, we constructed
expression vectors based on the alk system, that might hopefully allow high expression levels
for other membrane proteins. The construction of these vectors is described in CHegrr,R 6.
These vectors contain the alk promoter, and the coding sequence for a C-terminal tag.
Monoclonal antibodies against this tag are available. We performed a case study where we put
rylM,which encodes a membrane monooxygenase that was particularly recalcitrant in previous
overexpression attempts, under the control of the alk promoter, and succeeded in
overexpressing the membrane protein to satisfactory levels. Future work should show whether
these vectors are useful in other cases also, especially for the synthesis of higher eukaryotic
membrane proteins.
A transport system for fatty acids
We supplemented glucose-grown alk+ W3ll0 with exogenous fatty acids with the aim to
fuÍher elevate the alkB expression levels. The recombinant appeared to have a higher growth
rate when the fatty acids were supplied. This was surprising, because normally, glucose-grown
cultures of E . coli do not utilize fatty acids at the same time . alk+ W3 I l0 accumulated the fatty
acids in the cytoplasm (CHAFTER 7). It appeared that the alk genes present in plasmid pGEc47
were not involved in these processes. Instead, it seems that P. oleovorans derived genes other
than the alk genes, enable fatty acid uptake when introduced in E. coli,and that these fatty
acids, although perhaps not used as carbon sources, in some way increase the efficiency with
which E. coli grows on glucose.
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